Abstract -The possibility of producing a fermented beverage from donkey's milk using the probiotic bacterial strains Lactobacillus rhamnosus AT 194, CLT 2/2, and Lactobacillus casei LC 88, isolated from Parmigiano Reggiano cheese was investigated. The chemical-physical and microbiological properties of the raw milk demonstrated that it has a low microbiological load and an elevated content of lysozyme. The bacterial strains employed for fermentation had a good growth capacity in donkey's milk only after an initial adaptation phase. An extremely high percentage of viable bacteria were found in the final beverage, even after a 30-day shelf life. Likewise, the activity of lysozyme was virtually unchanged with respect to initial values. Sensorial analysis permitted the individuation of differences between the three bacterial strains used for fermentation in terms of descriptors relative to aromatic-olfactory qualities. Based on the above results, technology can be proposed for production of a fermented beverage from donkey's milk that can be utilized by small producers. This would allow the production of a beverage that would be well accepted by consumers interested in a product with favorable therapeutic properties integrated with probiotic bacteria. CLT 2/2 et la souche Lactobacillus casei LC 88 toutes isolées du fromage Parmigiano Reggiano. Le lait, caractérisé du point de vue physico-chimique et microbiologique, a comme caractéristiques prédominantes une charge microbienne faible et un contenu en lysozyme élevé. Les souches utilisées ont montré une bonne capacité de développement dans le lait d'ânesse seulement après une phase d'adaptation. Les bactéries inoculées sont restées vivantes plus de trente jours dans les boissons obtenues, garantissant ainsi une longue durée de conservation. Au terme de l'essai, l'activité du lysozyme n'a présenté aucune variation sensible par rapport à l'activité initiale. L'analyse sensorielle à laquelle ont été soumises les boissons fermentées a permis de discriminer les différences induites par les trois souches utilisées en ce qui concerne quelques descripteurs relatifs au tableau aromatique et olfactif. Une technologie de production d'une boisson fermentée applicable à de petits ateliers artisanaux a donc été proposée, permettant d'obtenir un produit en mesure d'être accepté par un consommateur intéressé à la fois par les caractéristiques thérapeutiques du lait d'ânesse et les propriétés bénéfiques pour la santé des bactéries probiotiques. 
INTRODUCTION
The properties of equine milk differ from that of other mammals in many ways that include important differences in nutritional value. Moreover, its composition does not permit the production of cheese due to the presence of whey proteins that represent 35-50% of the nitrogen fractions [14, 20] . It also contains lysozyme, which is practically absent in the milk of cows, ewes and goats [5, 18] ; this enzyme possesses bactericidal properties as it hydrolyzes the polysaccharides of bacterial cell walls and inhibits development.
Among various equine milks, the best known is the mare's milk that is traditionally produced and consumed by the nomadic peoples of Central Asia (Mongolia, Siberia and Kazakhstan) after lactic acid and alcoholic fermentation called Koumiss [16] . Even to date, Koumiss is the national drink of the people in that area and is also quite popular in countries bordering the Russian federation. It has been suggested that Koumiss has probiotic properties and has even been prescribed as a cure for patients with various diseases in Russian hospitals [17] . It is practically unknown in the rest of Europe and the Western world. Donkey's milk has a composition similar to that of mare's milk [20] , but is characterized by a higher lysozyme [7] content, which makes it somewhat selective with regards to the bacteria it can host. Its consumption, though extremely limited, has increased due to pediatric studies carried out over the last decade for the treatment of intolerance to cow's milk in young children [6, 8, 11] . It is not used, either fresh or after fermentation, in the diets of adults even if it has been suggested to have favorable pharmaceutical and nutritional properties [9, 10, 20] . Considering the numerous benefits of donkey's milk, including its healthpromoting characteristics and probiotic effects, Coppola et al. [7] suggested the possibility of using donkey's milk for probiotic purposes. Accordingly, these authors investigated the fermentative properties of donkey's milk in addition to investigating the survival of selected Lactobacillus rhamnosus strains.
The aim of the present study was to establish the methodology for the production of a fermented beverage made from donkey's milk using only lactic acid bacteria with probiotic activity. This would allow for the retention of the beneficial properties of the milk in addition to maintaining the presence of microorganisms. We also evaluated the shelf life of the product with particular regard to the survival of the inoculated lactic acid bacteria and the resulting sensorial characteristics as a function of the bacteria used for fermentation.
MATERIALS AND METHODS

Milk
The milk was taken from a herd of around 150 donkeys in the province of Reggio Emilia, Italy. In particular, four jennets that Donkey's milk for a fermented beverage 483 had given birth one month previously were selected and mechanically milked for 150 d. On each day, the first milking was carried out 4 h after the colt was removed and the second milking was 3 h later. The colt was then returned to its mother 2 h after the second milking. During 5 months of milking, a sterile milk sample (250 mL) was subjected to microbiological and physicalchemical analyses every month.
Starter cultures
The strains Lactobacillus rhamnosus AT 194 and CLT 2/2, isolated from Parmigiano Reggiano cheese, were from the Department of Agro-industrial, Environmental and Microbiological Sciences' (DIS-TAAM) collection (University of Molise), classified as probiotic [22] . The strain Lactobacillus casei LC 88, isolated from Parmigiano Reggiano cheese, was from the Department of Agri-food Protection and Improvement (DIPROVAL) at the University of Bologna. All strains were preserved in MRS agar (Oxoid, Unipath, Basingstoke, UK) at 4 °C.
To prepare starter cultures, cells were grown in 10 mL of MRS broth for 24 h, harvested by centrifugation (5000 rpm for 10 min), washed twice in a solution of 0.9 g·L -1 NaCl and re-suspended in 10 mL of sterile skimmed milk (Oxoid) at 37 °C for 4 h. Heat-treated (110 °C for 10 min) pasteurized whole milk (90 mL) was then inoculated with approximately 10 8 cfu·mL -1 of each strain and incubated at 37 °C for 12 h prior to the next culture passage (pre-culture).
Production of fermented milk
After milking, the raw milk was poured into sterile 100-mL Sovirel flasks, pasteurized at 63 °C for 30 min, rapidly cooled at 37 °C, inoculated with different amounts of pre-culture (3 mL for the strain AT194, 4 mL for CLT 2/2 and 4 mL for L. casei) to obtain about 10 6 -10 7 cells·mL -1 , and incubated at 37 °C. The rate of fermentation was monitored by measuring the pH every 12 h after inoculation. As soon as a pH of 4.5-4.6 was reached, the flasks were chilled and placed in a refrigerator at 4 ± 0.2 °C. At the moment of inoculation (t = 0), upon reaching a pH of 4.5-4.6 (t = 2) and after 7, 15 and 30 d, microbiological analyses were carried out in order to evaluate the shelf life. Sensory characterization was carried out on the samples after 30 d of storage at 4 ± 0.2°C.
Microbiological analyses
Serial dilutions of each sample in 0.9 g·L -1 NaCl were prepared and then plated in duplicate on agar plates [21] . Total aerobic bacteria were counted on PC Agar (Oxoid) incubated at 30 °C for 48 h; lactic acid bacteria were counted in MRS agar (Oxoid) in anaerobic jars for 5 d at 30 °C; thermoduric bacteria were counted after pasteurization (80 °C for 10 min) on PC Agar (Oxoid) incubated at 30 °C for 72 h. Enterobacteriaceae were counted after plating on Violet Red Bile Glucose Agar (Oxoid) after incubation for 24 h at 37 °C, while fecal coliform bacteria were plated on Violet Red Bile Lactose Agar (Oxoid) for 24 h at 42 °C.
Lysozyme content
The concentration of lysozyme was measured in milk before and after pasteurization, and in the fermented beverage during the storage phase at 7, 15 and 30 d after inoculation. Lysozyme was measured as described by Lodi et al. [13] , through the evaluation of lytic activity on Micrococcus lysodeikticus of the samples compared with standard purified enzyme solutions extracted from eggs. The method used is characterized by the linear relationship (semi-logarithmic curve) between the diameter of the zone of inhibition around the wells at which concentrations of lysozyme between 1 and 4 ppm were layered.
Chemical and physical analyses
Chemical and physical analyses were carried out using the standard methods: titratable acidity [19] , pH was measured using a Hanna Instruments (Padova, Italy) pHmeter, density at 20 °C by Quevenne's densitometer, dry matter was determined by the gravimetric method at 102 °C at constant weight, ash was determined in a furnace overnight at 550 °C, fat was measured using the Rose-Gottlieb method [2] , and lactose was determined by the phenol sulfuric method [15] . Total nitrogen and nitrogen fractions were determined using the Kieltec Tecator System following the procedure described by Aschaffenburg and Drewry [3] .
Sensory characterization
Sensory characterization of the fermented milks produced with the probiotic strains was performed by a group of 15 persons (7 male and 8 female). An evaluation card previously studied by trained tasters (staff from DIPROVAL highly familiar with fermented dairy products) was used for the assessment on the basis of a methodology suggested by Bérodier et al. [4] for cheeses. As suggested by the authors, the intensity of each descriptor was evaluated on an arbitrary scale with values from 1 to 7. For the evaluation of the significance of the resulting averages the ANOVA test was applied. The significance levels were set at P < 0.05. Table I shows the composition of donkey's milk used for production of the fermented beverage. Compared with cow's milk [1] , which is the raw material most commonly used in the production of fermented milks, donkey's milk has a notably higher concentration of lactose and lower levels of fat and protein.
RESULTS AND DISCUSSION
Physical-chemical traits of the raw milk
From observation of the distribution of nitrogen fractions donkey's milk also has a lower protein content, and in particular casein (Tab. II). However, seroproteins represent 37% of the proteic content in donkey's milk compared with 17% in cow's milk. The richness in whey protein content of donkey's milk, as in all one-stomached animals, makes it more favorable for human nutrition [8, 11] . As expected, lysozyme was present at very high concentrations (> 3 g·L -1 ). Pasteurization carried out at 63°C for 30 min did not have any effect on the anti-microbial activity (Fig. 1, wells D and E). This finding is in agreement with those previously reported in donkey's milk [7, 12] and in horse's milk [20] , confirming the elevated thermostability of the enzyme.
Microbiological and pasteurization traits
Bulk milk contained a low microbial content, which as affirmed by Coppola et al. [7], can be attributed to the anti-bacterial activity of lysozyme. The raw milk used for production of the fermented beverage was nonetheless subjected to pasteurization (63°C for 30 min) as an additional safety measure. The results achieved after heat treatment are shown in Table III .
Fermentations
The strains used showed remarkable fermentative vigor in cow's milk (data not shown), but also demonstrated difficulties at the adaptation stage when inoculated either in small quantities or directly inoculated into pasteurized donkey's milk. This could be overcome by using a 3% inoculum prepared in donkey's milk, previously treated at 110 °C for 10 min, for production of a fermented beverage containing viable cells in quantities greater than 10 8 mL -1 . The fermentations took place in a rapid and regular manner, as was also evident by the changes in titratable acidity, and were stopped by refrigeration after reaching pH values between 4.5 and 4.6 after about 48 h (Fig. 2). 
Shelf life
After 2 days following inoculation, the microbial load was about 10 8 cfu·mL -1 . One month after inoculation the lactic microbe content was still found to be above 10 8 cfu·mL -1 , demonstrating that the strains used remained viable over time and even thrive, representing almost all of the bacterial content (Tab. IV). The presence of 10 8 cfu·mL -1 of probiotic lactic bacteria is sufficient to ensure the daily intake suggested by Vanderhoof and Young [23] , even with limited consumption of the beverage. Enterobacteria and coliforms were completely absent. The activity of lysozyme measured after 7, 15 and 30 d did not show any significant changes with respect to raw milk and thermally-treated milk (Fig. 1 , wells F, G and H). 
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Sensorial testing
The various taste analyses by the trained panel allowed the identification of the descriptors normally used for the testing of cheeses, which were most useful to describe the fermented beverage from a sensorial point of view. Evaluation of the fermented beverages was carried out according to a precise order: (1) visual characteristics; (2) odor; (3) aroma; (4) four basic tastes; (5) trigeminal sensations; (6) aftertaste and persistence; and (7) pleasantness.
On the basis of the table drawn up by the trained panel, the fermented beverages were evaluated by a group of 15 consumers. Table V contains each descriptor and the average of the taste evaluations. No significant differences were found among the beverages produced with the three strains of lactic bacteria in terms of the visual test, the four basic tastes, the trigeminal sensations, or the aftertaste and persistence. However, the individual strains did bring to light notable differences in some descriptors regarding the range of smells, as shown in Figure 3 . Overall, the L. casei strain proved to be most capable of producing a beverage with a more balanced aromatic olfactory profile in the individual descriptors. The milk fermented with strain AT194 demonstrated a clear hint of boiled vegetables and acidic milk, whereas strain CLT 2/2 gave a higher average relating to the smell of fresh milk, grasses and animal odors.
Among the elementary tastes more commonly perceived, albeit at slightly different levels for each strain, were sweetness and acid. The fermented milk that was preferred from an organoleptic point of view by the 15 tasters was produced with strain AT194, which was also the best for production of the fermented beverage from donkey's milk.
Suggested technology
The tests carried out permit us to suggest production technology for a fermented beverage with probiotic strains that can be easily applied to a local setting in conjunction with a donkey herd. The most delicate stage of the technique is adaptation of the bacterial strains to donkey's milk, which was overcome by adaptation in cow's milk and sterilized donkey's milk. After adaptation in donkey's milk, the strains were able to undergo rapid fermentation, especially following abundant inoculation.
After eventual deodorization and homogenization, the procedure outlined in Figure 4 entails thermal pasteurization at 63°C for 30 min. Inoculation at 10% is done with previously obtained fermented donkey's milk. The fermentation takes place at 37 °C and its progress is followed by measuring the pH. Upon reaching pH 4.5-4.6, fermentation is stopped by refrigeration at 4 °C, which may be followed by homogenization, bottling, and storage at 4°C. The process can be easily performed by small businesses and does not require complex machinery.
CONCLUSION
Donkey's milk can be easily used for the production of a beverage fermented with probiotic strains of lactic bacteria that retain a high degree of viability after fermentation and storage. Such a product is obtained by setting up appropriate measures during inoculation that allow the bacterial cultures to replicate despite the high concentration of lysozyme present in the raw material. Moreover, strains of lactic bacteria that confer pleasant sensorial traits to the fermented product are used.
In fact, using the described procedure, a product is obtained that would be well accepted from a sensorial standpoint by consumers looking for the therapeutic qualities of donkey's milk integrated with probiotic bacteria. While the method described within is suitable for small-scale production, in the case of industrial production it would be worthwhile to apply additional procedures such as the standardization of the raw material, homogenization, and the addition of flavorings such as fruit juice.
The data obtained confirms that donkey's milk is a possible basis for a fermented beverage as it contains several advantageous qualities, such as low microbial activity and high amounts of lysozyme, as well as being a vehicle for the consumption of probiotic bacteria.
Further studies may be warranted in order to select other bacterial strains with probiotic properties that are even better adapted to donkey's milk. 
